Myelin is essential for higher-vertebrate brain function because it ensures fast transmission of neuronal information. In most animal nervous systems, glial cells ensheathe neuronal axons, but vertebrates evolved myelin: multiple glial membrane sheets compactly wrapped around the axon that speed the conduction of electrical impulses 1 . The inter action between an axon and its myelinating glial cells (oligodendrocytes in the central nervous system (CNS), Schwann cells in the peripheral nervous system) is one of the closest observed between two cell types in nature. Not all axons are myelinated, and the cues that determine which axons become myelinated remain uncertain. Ever since it was suggested a century ago 2 that the diameter of the fiber was important for myelination, the question of whether the axon diameter is the inductive signal for myelination has been debated but has remained unanswered.
In this issue of Nature Methods, Lee and colleagues 3 report a novel approach to uncouple the molecular properties and the physical properties of axons that induce myelination. In a fusion of biology and engineering, the authors used electrospun nanofibers with a broad range of diameters (from 0.2 to 4 µm) as axonal replacements (Fig. 1) . The capacity to produce a well-controlled range of diameters for these surrogate axons provided an advantage over previous attempts to make synthetic axons to study myelination [4] [5] [6] , making it possible to answer fundamental questions in neuroscience, such as: is there a critical axonal diameter required to initiate myelination?
Lee and colleagues 3 addressed this question in vitro by generating surrogate axons with two diameter ranges and placing on top of them oligodendrocyte precursor cells (OPCs) that differentiated into myelinating oligodendrocytes. Surprisingly, even before differentiation, OPCs preferentially contacted and ensheathed fibers that were above 4 µm in diameter. This may indicate that the myelination process begins at an earlier stage than was previously thought and that it is at the OPC stage that the selection of an axon to myelinate occurs. It is conceivable, however, as these observations were made at a fixed point in time and OPCs are highly motile, that these contacts could reflect OPC processes surveying the fibers 7 rather than commencing myelination. Nevertheless, Lee and colleagues 3 demonstrate that both OPCs and mature oligodendrocytes rarely interact with fibers smaller than 4 µm, which suggests that there exists a critical axonal diameter for oligodendrocytes to ensheathe axons (as proposed by Duncan in 1934 (ref. 2) ). Much as, in vivo, larger axons are preferentially myelinated, the majority (~60%) of oligodendrocytes engaged with fibers of larger diameters (2-4 mm), whereas only ~5% engaged with fibers of diameters 0.3-0.4 mm and none with fibers of diameters 0.2-0.3 mm 3 ( Fig. 1) .
In the CNS, however, some axons as small as 0.2 µm in diameter become myelinated, a process that occurs after the myelination of large axons has taken place 9 . Perhaps a longer time is needed to detect small-fiber ensheathment in this culture setup, or other signals, such as those produced by the axons, might be needed to overcome the oligodendrocytes' intrinsic diameter choice for initiation of myelination. Conceivably there may be more than one type of myelination program, one for largediameter axons (in which selection is regulated by the size of the axon, and thus works for synthetic axons) and another for smaller axons (in which it does not).
Myelination can be described as a two-step process. First, the oligodendrocyte (or OPC, as shown by Lee and colleagues 3 ) contacts and ensheathes the axon fiber; and second, wrapping and compaction occur to produce a compact myelin sheath 9 . Oligodendrocytes engage with both nanofibers 3 and other synthetic fibers [4] [5] [6] by ensheathing the fiber, with a certain selectivity for the diameter 3 (similar to that of in vivo myelination 8 ), but they fail to generate multiple wraps and compact myelin with these fiber types (Fig. 1) . Interestingly, this method offers the possibility of decoupling the two stages of myelination by allowing researchers to study separately the physical mechanisms mediating the ensheathment of an inert fiber (the first stage of myelination) and the biological cues that then lead to multiple membrane wrapping and compaction to form bona fide myelin (the second stage). Future research could involve coating the nanofibers with candidate proteins to identify the signals needed to induce multiple wrapping and compaction. For example, in the peripheral nervous system, the density of neuregulin 1 on axons signals to Schwann cells the number of myelin sheets they should wrap the axon with 10 . This may require further collaboration between biologists and engineers to overcome technical difficulties in coating the surrogate axons. With future developments in materials physics and engineering, it may even become possible to generate electrically 'active' synthetic fibers to simulate axonal activity and release of diffusible neurotransmitters and growth factors.
These potential developments of the method may make it possible to reassemble piece by piece the steps required for CNS myelination.
In summary, Lee and colleagues 3 have tackled a century-old question and neatly demonstrated that myelination may be studied without axons. They have shown that OPCs select which axons to myelinate according to their diameter and provided the neuro science and bioengineering communities with a powerful tool to investigate the complexity of CNS myelination.
